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ABSTRACT
Purpose: Abdominal aortic calcification (AAC) assessed by using standard lateral lumbar radio-
graphs can be graded, and composite summary scores (range, 0–24) have been shown to be
highly predictive of subsequent cardiovascular morbidity and mortality in hemodialysis (HD)
patients. However, few studies have sought to determine the optimal AAC score cutoff values
for the prediction of mortality among HD patients.
Methods: This retrospective cohort study included 408 hemodialysis patients. AAC severity was
quantified by the AAC score, which was measured by lateral lumbar radiography with complete
follow-up data from January 2015 to December 2021. We used receiver operating characteristic
(ROC) analysis to find the cutoff AAC value for the prediction of mortality. The Kaplan–Meier
method was used to analyze all-cause and cardiovascular mortality.
Results: The cutoff calcification score for the prediction of mortality was 4.5 (sensitivity, 67.3%;
specificity, 70.4%). The patients with AAC scores above 4.5 had significantly higher all-cause (log-
rank p< 0.001) and cardiovascular (log-rank p< 0.001) mortality rates than those with AAC scores
below 4.5. In the multivariate regression analyses, an AAC score above 4.5 was a significant fac-
tor associated with all-cause mortality (HR: 2.079, p¼ 0.002) and cardiovascular mortality (HR:
2.610, p< 0.001).
Conclusions: AAC is a reliable aortic calcification marker. HD patients with an AAC score > 4.5
have significantly elevated all-cause and cardiovascular mortality compared with those with an
AAC score � 4.5. AAC was a better predictor than cardiac valve calcification for mortality in
HD patients.
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Introduction

The risk of cardiovascular disease among patients with
end-stage kidney disease (ESKD) is far greater than that
in the general population. Among chronic kidney dis-
ease (CKD) patients treated with hemodialysis or peri-
toneal dialysis, cardiovascular mortality is 10 to 20
times higher than that in the general population after
stratification by age, race, sex and the presence of dia-
betes [1]. Vascular calcification (VC) has attrated
increased attention as an index of CVD and as a pre-
dictor of mortality among hemodialysis (HD) patients.
Vascular calcification, including aortic calcification and
coronary artery calcification, is highly prevalent among
dialysis patients, and disorders of mineral metabolism
have been reported to be risk factors for vascular calcifi-
cation [2]. Cardiac valve calcification (CVC) represents a

common complication and a danger signal for cardio-
vascular events in HD patients. Longer HD vintage and
the presence of diabetes were independent risk factors
for VC and CVC in HD patients from Chinese
cohorts [3,4].

The Framingham Heart Study showed that abdom-
inal aortic calcification (AAC) assessed by using stand-
ard lateral lumbar radiographs is a marker of subclinical
atherosclerotic disease and an independent predictor
of subsequent vascular morbidity and mortality [5]. It
was also reported that the presence of AAC is closely
associated with adverse outcomes in dialysis patients
[6]. However, studies regarding the significant associ-
ation of AAC with all-cause or cardiovascular mortality
in HD patients have not reached consistent conclusions
[7,8]. AAC can be graded, and the composite summary
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scores (range 0–24) provide a simple, low-cost assess-
ment of subclinical vascular disease and have been
shown to be highly predictive of subsequent cardiovas-
cular morbidity and mortality in the general population
and hemodialysis (HD) patients [5,9]. However, few
studies have sought to determine the optimal AAC
score cutoff value for the prediction of mortality among
HD patients.

Accordingly, this study evaluated the clinical signifi-
cance of the degree of AAC using AAC scores measured
from lateral lumbar radiographs in terms of cardiac
function, clinical data, biochemical assays, death, and
cardiovascular death among HD patients and identified
the optimal cutoff values of AAC scores for predicting
outcome in HD patients.

Materials and methods

Study design

This retrospective study included HD patients at the
General Hospital of Northern Theater Command. A total
of 408 maintenance hemodialysis patients who had
received dialysis 3 times/week for >6months and had
complete follow-up data were enrolled in the cohort
from January 2015 to June 2015. HD was performed for
4 h per session using a polysulfone dialyzer and a
dialysate calcium concentration of 1.5mmol/L. The pre-
sent study only included patients who were neither
transplanted nor transferred to another hospital during
follow-up. The exclusion criteria were (1) tumor, (2)
infection within 1month, (3) rheumatic immune dis-
ease, (4) liver cirrhosis, (5) thyroid disease, (6) Crohn’s
disease, and (7) incomplete information on the AAC
evaluation. A total of 582 patients received hemodialy-
sis in our hospital, 456 patients completed the examin-
ation and evaluation of abdominal aortic calcification,
and 408 patients remained according to the inclusion
and exclusion criteria. The patients were followed pro-
spectively for cardiovascular mortality or death from
any cause. The follow-up data were collected until
December 2021. Cardiovascular mortality was defined
as death due to myocardial infarction, heart failure, sud-
den cardiac death, or stroke. The study protocol was
approved by the Ethics Committee of General Hospital
of Northern Theater Command (approval number Y
(2022) 056). Written consent forms were not required
because of the retrospective nature of the study.

Evaluation of abdominal aortic calcification

Between January 1, 2015, and June 30, 2015, radio-
graphs of the left lumbar spine were acquired in the

standing position. The AAC scores (total score 0–24)
were graded using the method described previously by
Kauppila et al. [10]. X-rays were reviewed and evaluated
by two physicians who had expertise in reading VC on
plain radiographs and who were blinded to the clin-
ical data.

Clinical data and biochemical assays

All clinical data of the HD patients were collected and
consisted of age, dialysis vintage, sex, causes of kidney
disease, medical history, height, weight, smoking status,
daily average blood pressure, Kt/V, and the usage of
calcium-based phosphate binders, calcium-free phos-
phate binders, vitamin D medications, cinacalcet and
ACEI/ARB. Diabetes mellitus was defined either as a
comorbid condition or as the etiology of ESKD.
Hypertension was determined as blood pressure that
was consistently higher than 140/90mmHg or having
been treated with hypertension medication. We defined
a patient with a useful medication history as patients
whose medication time exceeded 6months when they
were enrolled. Blood tests were routinely performed for
each patient before the first weekly hemodialysis ses-
sion within 3months of the date of radiographs of the
left lumbar spine. Assays were performed using a stand-
ard biochemical analyzer.

Echocardiography

All enrolled patients were scanned with two-dimen-
sional-guided M-mode echocardiography, which was
performed by a cardiologist who was blinded to the
patient’s clinical and laboratory data. The HD patients
underwent echocardiography after the first dialysis
session of the week. The M-mode measurements
included the left atrial dimension (LAD), left ventricular
end-diastolic internal dimension (LVDd), left ventricu-
lar posterior wall thickness (LVPWT), and interventricu-
lar septal wall thickness (IVST). Left ventricular mass
(LVM) was calculated by means of the Devereux for-
mula, and the ratio of the LVM to the body surface
area (BSA) was used to determine the left ventricular
mass index (LVMI) [11]. Left ventricular hypertrophy
(LVH) was defined as LVMI > 115 g/m2 (men) and >

95 g/m2 (women) [12]. The LV ejection fraction was
obtained using a modified biplane Simpson’s method
from apical and four-chamber views. From the mitral
valve inflow velocity curve using pulsed wave Doppler,
the ratio of the E wave and A wave (E/A ratio) was cal-
culated [13].
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Statistical analysis

Data are presented as the mean± standard deviation
(SD) unless otherwise specified. Continuous variables
were compared using Student’s t test for two groups.
The Mann–Whitney U test was used for nonparametric
data, and categorical variables were compared using
the chi-square test as appropriate. Receiver operating
characteristic (ROC) analysis was used to find the best
cutoff value of AAC for mortality based on sensitivity
and specificity—that is, the value that maximized the
sum of the sensitivity and specificity. The Kaplan–Meier
method was used for survival analysis, and the log-rank
test was used to compare the survival rate differences
between the patient groups according to the AAC score
cutoff value. Multivariate Cox hazards analyses were
performed with the results from univariate analysis to
identify factors associated with mortality. In the multi-
variate analyses, the factors that showed p＜0.05 in the
univariate analysis were entered as possible factors
associated with mortality. HRs were calculated using
Cox proportional hazards models to estimate the rela-
tionship of AAC scores with outcome. p＜0.05 was con-
sidered statistically significant. The statistical analyses
were performed with SPSS, version 22.0 (SPSS for
Windows, IBM Corp, USA).

Results

We recruited 408 ESKD patients with chronic HD for
this study. At baseline, the patients had a mean age of
55.1 ± 13.1 years, and 61.3% (n¼ 250) of them were
males. The proportion of patients with diabetes was
24.0% (n¼ 98), the proportion with hypertension was
79.7% (n¼ 325), and the proportion with a prior history
of CVD was 14.7% (n¼ 60). The median value of the HD
vintage was 8 (range 1–28) years. The median AAC
score among these patients was 4.4 (range, 0–22). The
mean follow-up duration was 43.5 ± 14.7months (range
1–51months). During the follow-up period, 104 (25.5%)
patients died. Of these, 79 patients experienced cardio-
vascular death.

The ROC analysis of the baseline AAC score with
respect to mortality revealed an area under the ROC
curve of 0.714. The optimal cutoff value of the AAC
score was 4.5 (sensitivity, 67.3%; specificity, 70.4%;
Figure 1). The ROC analysis of cardiac valve calcification
(CVC) with respect to mortality revealed an area under
the ROC curve of 0.671. The area under the ROC curve
of the AAC score was greater than that of the CVC. The
patients were allocated to one of two groups using a
cutoff value of 4.5: Group A (AAC score � 4.5) or Group
B (AAC score > 4.5). Table 1 shows the comparison of

patient characteristics and biochemical parameters
between the two groups. Age, duration of HD, propor-
tion of patients with diabetes, proportion of patients
with cardiovascular disease, CVC, AAC score, LAD, LVMI,
Ca and b2-microglobulin were significantly higher in
Group B than in Group A. E/A, intact parathyroid hor-
mone (iPTH), albumin (ALB), and uric acid (UA) were sig-
nificantly lower in Group B. Kaplan–Meier analysis
revealed that all-cause mortality was significantly higher
in Group B (Figure 2a; p< 0.001). Group B also had sig-
nificantly higher cardiovascular mortality than Group A
(Figure 2b; p< 0.001).

Univariate Cox proportional hazards models were
used to analyze various factors and mortality (Table 2).
In addition to an AAC score >4.5, CVC, older age, the
presence of diabetes, CVD, vitamin D supplementation,
cinacalcet use, increased LAD, lower EF, lower hemoglo-
bin (HGB), increased b2-microglobulin, lower triglycer-
ides (TGs), lower ALB and lower UA were significant
univariate predictors of increased all-cause mortality.

In the multivariate analyses, an AAC score >4.5 was
a significant factor associated with all-cause mortality
(hazard ratio, 2.079; 95% confidence interval, 1.299 to
3.326; p¼ 0.002), in addition to CVC, older age, pres-
ence of diabetes, increased LAD, lower serum Alb and
lower triglycerides (Table 3). An AAC score >4.5 was
also a significant factor associated with cardiovascular
mortality (hazard ratio, 2.610; 95% confidence interval,
1.523 to 4.472; p< 0.001), in addition to CVC, the pres-
ence of diabetes, increased LAD, lower serum ALB and
lower triglycerides. Collinearity diagnostics showed that
the AAC and CVC tolerance (0.786 and 0.708) was
greater than 0.10, and the variance inflation factor
(1.272, and 1.413) was less than 10. Therefore, no ser-
ious collinearity problem was indicated. In the final
model of all-cause mortality, an AAC score > 4.5 was
compared with CVC using the partial chi-square statistic
minus the predictor degrees of freedom (8.318 and
5.305 for AAC score > 4.5 and CVC, respectively) and
was found to have a greater prognostic contribution.
An AAC score > 4.5 was also found to have a greater
contribution than CVC (11.186 and 7.467 for AAC score
> 4.5 and CVC, respectively) in the final model of car-
diovascular mortality.

Discussion

The KDIGO guidelines suggest detecting the presence
or absence of vascular calcification and valvular calcifi-
cation in CKD G3a–G5D. However, previous studies did
not actually compare the predictive values of AACs and
CVCs regarding patient-centred end-points. Although
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coronary artery CT is more accurate than abdominal
aortic calcification, clinical evaluation of AACs is widely
available, easy to use, relatively inexpensive, involves
low exposure to radiation and is noninvasive compared
with coronary artery CT. The current study shows that
the AAC score was associated with all-cause and cardio-
vascular mortality in chronic HD patients. The optimum
AAC cutoff score for predicting mortality was found to
be 4.5. We compared the contributions of AAC and CVC
to adverse outcomes. AAC scores appeared to have a
higher predictive value than CVC for all-cause and car-
diovascular mortality in HD patients.

The results of the present study are consistent with
previous reports in that the higher AAC (AAC score >

4.5) group was significantly older, had a longer dialysis
vintage, a lower albumin level and a higher prevalence
of diabetes than the lower AAC (AAC score � 4.5)
group. The patients with higher AACs were significantly
older than those with lower AACs. The reason is that
abdominal aortic calcification is indicative of advanced
atherosclerosis in older patients. The serum albumin
levels in the patients with higher AACs were signifi-
cantly lower than those in the patients with lower
AACs, indicating that the former patients were

malnourished. However, the phosphorus levels did not
differ between the two groups. The reason for this dis-
crepancy is unclear but may be partially related to the
fact that the use of calcium and phosphorus control
medications affected the laboratory results.

Studies have shown that AAC is associated with a
high incidence of cardiovascular events and mortality
among HD patients [6,14]. CT measurement of aortic
calcification is a highly reliable clinical research tool
with high sensitivity and the ability to provide quantita-
tive calcification measurements. However, CT scanning
is expensive and produces more radiation than X-rays.
The KDIGO guidelines suggest that lateral abdominal
X-rays can be used to detect the presence of vascular
calcification as a reasonable alternative to computed
tomography-based imaging [15]. The AAC score was
first described by Kauppila et al. and it was first used by
Okuno to evaluate hemodialysis patients, revealing that
the presence of AAC is significantly associated with all-
cause and cardiovascular mortality among HD patients
[6,10]. Some recent studies have investigated the effect
of AAC on the outcome of dialysis patients, but the
results are controversial. The study of Ohya et al.
reported that AAC was not a significant predictive

Figure 1. Receiver operating characteristic (ROC) analysis of the baseline abdominal aortic calcification (AAC) score for mortality.
The area under the ROC curve is 0.714 (95% confidence interval, 0.659–0.769, p< 0.001). The cutoff value of the AAC score is 4.5
(sensitivity 67.3%, specificity 70.4%).
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parameter for all-cause death, but AAC was useful as a
long-term prognostic indicator of cardiovascular mortal-
ity among HD patients [7]. However, a Chinese retro-
spective observational study indicated that the
presence of AAC was only significantly associated with
all-cause mortality and not with cardiovascular mortal-
ity, indicating that AAC alone was not a good predictor
of patient mortality in their population [8]. A small
number of studies have attempted to determine the
optimal AAC score cutoff value for the prediction of
mortality. An AAC score of 5 indicated a higher risk of
mortality [9], and another study showed that the cutoff

calcification score for the prediction of mortality was
7.75 [14]. Our study found that the optimum AAC cutoff
score for predicting mortality was 4.5. The reason why
earlier studies reached different conclusions than our
study was that our study included a larger population
with longer follow-up durations and had more covari-
ates included than previous research. This threshold of
4.5 may be more reliable and valuable in clinical prac-
tice because it provides a direct method to identify HD
patients at high risk of mortality.

The presence and degree of arterial calcification is
considered to be one of the major determinants of the

Table 1. Demographic characteristics of hemodialysis patients with AAC scores below and above 4.5.
Group A

AAC score � 4.5
(248)

Group B
AAC score >4.5

(160) p Value

Age, (years) 50.7 ± 12.9 62.0 ± 10.2 <0.001
Duration of HD, (years) 7 (5) 8.5 (6) <0.001
Men, n (%) 159 (64.1%) 91 (36.4%) 0.143
Smoking, n (%) 53 (21.4%) 36 (22.5%) 0.787
Hypertension history, n (%) 196 (79%) 129 (80.6%) 0.696
Diabetes, n (%) 48 (19.4%) 50 (31.3%) 0.006
Cardiovascular disease, n (%) 22 (8.9%) 38 (23.8%) <0.001
calcium-based phosphate binders, n (%) 120 (48.4%) 70 (43.8%) 0.359
calcium-free phosphate binders, n (%) 148 (59.7%) 103 (64.4%) 0.341
vitamin D medications, n (%) 189 (78.2%) 122 (73.1%) 0.237
Cinacalcet, n (%) 50 (20.2%) 24 (15%) 0.187
ACEi or ARB 118 (47.6%) 91 (56.9%) 0.067
Causes of kidney disease 0.142
nephritis, n (%) 124 (50%) 69 (43.1%)
diabetes, n (%) 52 (21%) 28 (17.5%)
hypertension, n (%) 43 (17.3%) 42 (26.3%)
others 29 (11.7%) 21 (13.1%)

Daily average blood pressure 106.3 ± 17.4 103.2 ± 17.4 0.076
Kt/V 1.2 ± 0.3 1.3 ± 0.3 0.395
CVD death, (%) 23 (9.3%) 56 (35%) <0.001
All cause death, (%) 34 (13.7%) 70 (43.8%) <0.001
CVC, n (%) 57 (23%) 102 (63.7%) <0.001
AAC score 1.1 ± 1.4 9.6 ± 3.7 <0.001
BMI (kg/m2) 22.9 ± 3.8 22.5 ± 3.0 0.199
LAD (cm) 3.4 ± 0.5 3.6 ± 0.6 0.047
LVDd (cm) 4.8 ± 0.6 4.8 ± 0.6 0.972
IVST (cm) 1.2 ± 0.2 1.2 ± 0.1 0.158
Lvpwt (cm) 1.2 ± 0.1 1.2 ± 0.1 0.083
LVMI (g/m2) 120.8 (48.7) 128.1 (41.9) 0.049
EF 0.63 (0.07) 0.62 (0.07) 0.501
E/A 1 (0.6) 0.8 (0.4) 0.009
HGB (g/L) 113.0 ± 15.1 110.0 ± 15.8 0.056
Ca (mmol/L) 2.2 ± 0.2 2.3 ± 0.2 0.032
P (mmol/L) 2.0 ± 0.6 1.9 ± 0.6 0.192
b2-microglobulin (mg/L) 26.8 ± 6.5 29.4 ± 6.5 <0.001
iPTH (pg/ml) 296.5 (420) 200 (440) 0.004
ALB (g/L) 39.1 ± 3.5 38.0 ± 3.8 0.004
UA (lmol/L) 463.3 ± 109.3 434.8 ± 89.5 0.006
25-OH-VD (ng/ml) 15.2 ± 8.2 14.4 ± 7.3 0.414
TG (mmol/L) 1.5 (1.2) 1.4 (1.0) 0.751
TC (mmol/L) 4.2 ± 1.1 4.3 ± 1.0 0.576
HDL-C (mmol/L) 1.2 ± 0.3 1.2 ± 0.3 0.678
LDL-C (mmol/L) 2.2 ± 0.7 2.3 ± 0.7 0.130

CVC: cardiac valve calcification; AAC: abdominal aortic calcific; BMI: body mass index; LAD: left atrial dimension; LVDd: left ven-
tricular end-diastolic internal dimension; IVST: interventricular septal wall thickness; Lvpwt: left ventricular posterior wall thick-
ness; LVMI: left ventricular mass index; EF: ejection fraction; E/A: the ratio of the E wave and A wave; iPTH: intact parathyroid
hormone; ALB: albumin; UA: uric acid; 25-OH-VD: 25 hydroxy vitamin D; TG: triglyceride; TC: total cholesterol; Ca: Serum total
Calcium; P: Serum Phosphate.
The variables conforming to a normal distribution are presented as the mean and SD.
The variables (duration of HD, E/A, EF, LVMI, TG, iPTH and 25-OH-VD) conforming to a nonnormal distribution are presented as
the median and IQR.
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CVD incidence rate and mortality, and this occurs
through various mechanisms. The abdominal aorta is a
susceptible site for atherosclerosis and calcification.
Therefore, the presence of AAC may be related to the
occurrence of cardiovascular disease and patient death,
and it is a very common complication in patients with
ESKD [16]. Arterial calcification is characterized by
lesions that occur in the medial vascular wall, which
exacerbates arterial stiffness and is termed arterioscler-
osis in the CKD population [17]. The AAC score can pre-
dict the occurrence of future CAD events in ESKD
patients [18]. AAC was also associated with an increased

risk of congestive heart failure [19]. The increased mor-
tality caused by AAC may be due to the greater degree
of generalized atherosclerosis and greater rate of occlu-
sive lesions. Advanced aortic sclerosis with aortic calcifi-
cation is associated with decreased aortic compliance,
which increases the burden on the heart and increases
the risk of cardiovascular death [20].

Although there are reports about detecting AAC
using plain abdomen X-rays in HD patients, little is
reported about the estimate of abdominal aortic calcifi-
cation by plain abdominal X-rays in terms of cardiac
ultrasound parameters, mortality, and cardiovascular

Figure 2. Kaplan–Meier analysis of all-cause and cardiovascular deaths of 408 hemodialysis patients. The blue line denotes the
patients with an AAC score � 4.5 (248 patients) and the green line denotes the patients with an AAC score > 4.5 (160 patients).
(a) The patients with an AAC score > 4.5 had a higher death rate from all causes than those with an AAC score � 4.5 (log-rank
test, p< 0.001). (b) The patients with an AAC score > 4.5 had a higher death rate from cardiovascular mortality than those with
an AAC score � 4.5 (log-rank test, p< 0.001).

6 J. BAI ET AL.



death in HD patients. This study evaluated AAC in terms
of cardiac parameters, medication history, serum bio-
chemical parameters, and clinical data with the risk of
cardiovascular and all-cause mortality. After adjusting
for these confounders, we found that an AAC score
>4.5 predicts adverse outcomes in dialysis patients. In
multivariate Cox regression, we found that cardiac

ultrasound parameters, including valve calcification and
LAD, were associated with mortality. Studies of CKD
patients have demonstrated that valve calcification is
an independent risk factor for coronary artery disease,
arterial stiffness and peripheral vascular disease [21,22].
Experimental and clinical evidence indicates that valve
calcification is an actively regulated pathophysiological

Table 2. Univariate Cox proportional hazards analysis of factors associated with all-cause and cardiovascular death in hemodialy-
sis patients.

All-cause mortality Cardiovascular mortality

Variable HR (95%) p Value HR (95%) p Value

CVC (Ref: no) 3.242 (2.169–4.845) <0.001 4.079 (2.524–6.592) <0.001
AAC score >4.5 (Ref: no) 3.908 (2.593–5.891) <0.001 4.584 (2.819–7.454) <0.001
Age (per each 1 year increase) 1.052 (1.036–1.068) <0.001 1.052 (1.034–1.071) <0.001
Duration of HD (per each 1 year increase) 0.983 (0.936–1.031) 0.477 0.968 (0.914–1.026) 0.271
Sex (male vs. female) 0.994 (0.670–1.476) 0.977 1.07 (0.677–1.690) 0.772
Smoking (Ref: no) 1.193 (0.761–1.871) 0.441 1.274 (0.767–2.116) 0.349
Hypertension history (Ref: no) 0.899 (0.565–1.428) 0.651 1.293 (0.713–2.343) 0.397
Diabetes (Ref: no) 2.276 (1.533–3.380) <0.001 2.465 (1.572–3.865) <0.001
Cardiovascular disease (Ref: no) 2.330 (1.494–3.634) <0.001 2.838 (1.746–4.614) <0.001
calcium-based phosphate binders (Ref: no) 1.141 (0.777–1.675) 0.503 0.862 (0.552–1.345) 0.512
calcium-free phosphate binders (Ref: no) 0.711 (0.483–1.045) 0.082 0.897 (0.572–1.406) 0.635
vitamin D medications (Ref: no) 0.579 (0.384–0.873) 0.009 0.609 (0.379–0.979) 0.041
Cinacalcet (Ref: no) 0.438 (0.228–0.84) 0.013 0.465 (0.224–0.965) 0.04
ACEi or ARB (Ref: no) 1.085 (0.738–1.594) 0.678 1.095 (0.704–1.703) 0.688
Daily average blood pressure (per 1mmHg) 0.998 (0.987–1.009) 0.682 1.007 (0.994–1.021) 0.301
Kt/V (per 1 increase) 1.838 (0.957–3.531) 0.068 1.475 (0.681–3.194) 0.324
BMI (per 1 kg/m2 increase) 0.977 (0.922–1.035) 0.425 0.982 (0.92–1.049) 0.594
LAD (per 1 cm increase) 1.795 (1.302–2.474) <0.001 2.074 (1.456–2.955) <0.001
LVH (Ref: no) 1.421 (0.906–2.228) 0.126 1.767 (1.021–3.058) 0.042
EF 0.056 (0.007–0.465) 0.008 0.026 (0.003–0.266) 0.002
E/A 1.041 (0.638–1.699) 0.087 1.212 (0.71–2.07) 0.481
HGB (per 1 g/L increase) 0.983 (0.971–0.996) 0.008 0.997 (0.963–0.991) 0.002
b2-microglobulin (per 1mg/L increase) 1.047 (1.017–1.078) 0.002 1.056 (1.021–1.093) 0.001
TG (per 1mmol/L increase) 0.571 (0.435–0.749) <0.001 0.573 (0.42–0.782) <0.001
TC (per 1mmol/L increase) 0.844 (0.694–1.026) 0.089 0.872 (0.698–1.089) 0.226
HDL-C (per 1mmol/L increase) 1.398 (0.77–2.538) 0.271 0.914 (0.439–1.904) 0.810
LDL-C (per 1mmol/L increase) 0.847 (0.633–1.135) 0.266 0.963 (0.696–1.332 0.821
ALB (per 1 g/L increase) 0.884 (0.844–0.926) <0.001 0.879 (0.834–0.927) <0.001
UA (per 1 lmol/L increase) 0.997 (0.996–0.999) 0.007 0.997 (0.995–0.999) 0.007
25-OH-VD (per 1 ng/ml increase) 0.979 (0.952–1.007) 0.133 0.979 (0.948–1.011) 0.191
iPTH 150–300 pg/mL (as reference)
iPTH < 150 pg/mL 1.076 (0.665–1.741) 0.767 1.013 (0.587–1.747) 0.963
iPTH > 300 pg/mL 0.67 (0.414–1.084) 0.103 0.611 (0.352–1.058) 0.79

Ca 2.1–2.5mmol/L (as reference)
Ca < 2.1mmol/L 1.178 (0.746–1.86) 0.483 1.008 (0.598–1.725) 0.977
Ca > 2.5mmol/L 1.642 (0.935–2.884) 0.084 1.348 (0.684–2.655) 0.388

P 1.13–1.78mmol/L (as reference)
p < 1.13mmol/L 0.998 (0.48–2.076) 0.995 1.583 (0.729–3.438) 0.246
p> 1.78mmol/L 0.859 (0.566–1.303) 0.474 1.093 (0.660–1.810) 0.730

CVC: cardiac valve calcification; AAC: abdominal aortic calcific; BMI: body mass index; LAD: left atrial dimension; LVH: left ventricular hypertrophy; EF: ejec-
tion fraction; E/A: the ratio of the E wave and A wave; TG: triglyceride; TC: total cholesterol; ALB: albumin; UA: uric acid; 25-OH-VD: 25 hydroxy vitamin D;
iPTH: intact parathyroid hormone; Ca: Serum total Calcium; P: Serum Phosphate.

Table 3. Multivariate Cox proportional hazards analysis of factors associated with all-cause and cardiovascular
death in hemodialysis patients.

All-cause mortality Cardiovascular mortality

Variable HR (95%) p Value HR (95%) p Value

AAC score > 4.5 (Ref: no) 2.079 (1.299–3.326) 0.002 2.610 (1.523–4.472) <0.001
CVC (Ref: no) 1.783 (1.135–2.801) 0.012 2.219 (1.297–3.796) 0.004
Age (per each 1 year increase) 1.022 (1.003–1.041) 0.021 – –
Diabetes (Ref: no) 2.043 (1.353–3.083) 0.001 2.269 (1.423–3.618) 0.001
LAD (per 1 cm increase) 1.419 (1.027–1.961) 0.034 1.656 (1.027–1.961) 0.005
Alb (per 1 g/L increase) 0.931 (0.882–0.983) 0.009 0.916 (0.864–0.972) 0.004
TG (per 1mmol/L increase) 0.560 (0.415–0.755) <0.001 0.570 (0.405–0.802) 0.001

AAC: abdominal aortic calcific; CVC: cardiac valve calcification; LAD: left atrial dimension; TG: triglyceride.
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process [23]. The abdominal aortic calcification score
correlated significantly with calcification of the aortic
valve and mitral annulus in prevalent HD patients [24].
The C-STRIDE study analyses showed that AAC may be
associated with the risk of death for patients with CKD
of any severity, while CVC is a possible risk factor for
cardiovascular disease but only among those patients
with mild to moderate CKD in the Chinese cohort [25].
Our previous study found that CVC increased the risk of
all-cause and cardiovascular mortality among HD
patients [26]. We sought to investigate the contribu-
tions of AAC and CVC to adverse events by using the
partial chi-square statistic minus the predictor degrees
of freedom [27]. Our study showed that an AAC score
of >4.5 appeared to better predict overall mortality in
HD patients than CVC.

It is well known that elevated serum triglyceride (TG)
levels are a risk factor for cardiovascular disease in the
general population. However, we found that low trigly-
cerides were significantly associated with all-cause and
cardiovascular mortality in the multivariate Cox regres-
sion model. Kaplan–Meier analyses of 60HD patients
showed that serum triglycerides were higher in surviv-
ing HD patients [28]. The relationship of serum TG with
outcomes in patients with HD does not follow the pat-
tern observed in the general population, and in a sub-
set of patients, it can be paradoxical to what is
expected. Although the underlying mechanisms
responsible for these observations are not clear, these
findings further demonstrate the limitations of serum
lipid profiles in predicting outcomes in patients on
HD [29,30].

Our study showed that smoking, hypertension, cal-
cium-based phosphate binders, iPTH, and serum phos-
phate levels were not related to the risk of mortality. A
previous study reported that the association of phos-
phate and iPTH with all-cause mortality was U-shaped,
and both low and high levels have been reported as
risk factors for mortality in hemodialysis patients
[31,32]. However, in a prospective observational study
conducted among French hemodialysis patients, serum
P was not proven to be of predictive value for mortality
by an adjusted Cox analyses [33]. The reason may be
that 40% of our subjects were over 60 years old, and
73% of the deceased patients were over 60 years old.
However, the serum phosphorus and iPTH levels in eld-
erly dialysis patients are not particularly high. An obser-
vational cohort study does not suggest that the
calcium-free phosphate binder sevelamer is associated
with superior cardiovascular safety or survival com-
pared with calcium acetate in a routine care setting of
patients 65 years or older with ESKD requiring

maintenance HD from the United States Renal Data
System (USRDS) [34].

There are several limitations of our study. First, this
was a retrospective observational cohort study at a sin-
gle center. Second, we only included baseline AAC, car-
diac ultrasound parameters and laboratory parameters
and lacked follow-up observations of these indicators.
Third, the follow-up period was relatively short.
Therefore, prospective studies with longer follow-up
periods are needed to support the clinical importance
of AAC.

In conclusion, AAC is a reliable aortic calcification
marker. HD patients with an AAC score > 4.5 have sig-
nificantly elevated all-cause and cardiovascular mortal-
ity compared with those with an AAC score � 4.5. AAC
was a better predictor than CVC for mortality in
HD patients.
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